INTRODUCTION
China has many native cattle breeds. According to the Chinese Cattle Breed Encyclopedia Record, at least 28 types of Chinese cattle have been identified as local fine breeds (Li et al., 2013a) . In the last half century, many animal scientists were interested in understanding Chinese native cattle genetic construction, origin, and evolution. About 20 years ago, the blood protein polymorphism technology was first used to study the origins and genetic variability of Chinese yellow cattle; this study indicated that Qinchuan cattle has a close genetic relationship with Jinnan cattle, and that they contain Bos taurus cattle blood (Wu, 1988) . With advancement in molecular biology techniques, DNA polymorphism has been widely used for studying animal breeding resources.
During the last decade, Y-chromosome-specific markers were used in the studies of human origins because the frequency and geographical distribution of Y-haplotypes provide useful information about migration, sex-specific gene flow, and population relationships (Jorde et al., 2000) . DNA Y-chromosome segment (DYS) is a segment of DNA on the Y chromosome that has many nucleotide repeats. These sequences are known as short tandem repeats (STRs) and are used as markers for genealogical DNA testing. The possible variations of repeats at a DYS marker are known as alleles.
Y-STRs are short tandem repeats found on male-specific Y-chromosomes. These coding genes are vital for male sex determination, spermatogenesis, and other male-related functions. The Y-STRs are polymorphisms among unrelated males and are inherited from the paternal line with little change through generations. The non-recombinant Y-chromosome segment dictates the paternally inherited haploid transmission pattern. Y-STRs can be employed to construct highly discriminative Y-haplotypes (Redd et al., 2006) . In humans, the polymorphism of Y-STRs has been used in anthropology and forensic genetic studies (Gill et al., 2001) . However, information on the Y-STR in farm animals is limited. Giovambattista et al. (2000) analyzed the polymorphism of INRA124 in Argentine and Bolivian cattle and revealed the migration and mobile pattern of the zebu gene in South America. Hanotte et al. (2000) investigated the Y-chromosome haplotype polymorphism of 984 individuals of 69 African local species in 22 countries of African Sahara by using INRA124 marker and showed that the haplotypes of taurine and zebu cattle were genetically different. Thus, INRA124 seems to be an indicator of taurine and zebu differentiation in various regions. Recently, Y-haplotypes have been used to analyze genetic diversity and origins of Portuguese cattle breed (Ginja et al., 2009) . Y2 dominates in northern China (91.4%), and Y3 dominates in southern China (90.8%). Central China is an admixture zone, although there is an overall predominance of Y2 (72.0%) (Li et al., 2013b) .
The objective of this study is to evaluate the polymorphism of Y-STR haplotypes in Chinese cattle populations and to understand their genetic relationship based on polymorphic analysis in different breeds.
MATERIAL AND METHODS

Experimental animals and sample collection
The Y-STR gene distribution in Chinese native cattle populations was investigated using 1016 healthy and heterogenetic males randomly selected from 9 typical native cattle breeds. In addition, 90 female cattle were randomly selected as control. About 15 mL blood samples were collected and placed in test tubes containing anticoagulant. The blood samples were transported to our laboratory at 4°C and stored at -20°C. The bull semen samples were collected and stored in liquid nitrogen.
DNA extraction and polymerase chain reaction
The DNA was extracted from the blood or semen by using Chelex-100 and proteinase K protocol (Walsh et al., 1991) . The Y-STR gene polymorphism was studied by designing 6 sets of primers based on the gene sequences from http://www.ncbi.nlm.nih.gov of the National Center for Biotechnology Information (NCBI) and using the method of Liu et al. (2003) ; these primers were synthesized by Saibaisheng Biologic Company in Xi'an (Table 1) . Polymerase chain reaction (PCR) amplification was carried out on a Geneamp 9700 thermal cycler (Biosystems) according to the manufacturer protocol. A total volume of 37.5 μL PCR mixture contained 1 ng genomic DNA, 1X GeneAmp PCR buffer (containing 1.5 mM MgCl 2 ), 200 μM dNTPs for each primer set, and 1.5 U Taq DNA polymerase. Thermal cycling was conducted using the following program: 95°C for 10 min; 33 cycles (94°C for 30 s, 59.2°C for 30 s, and 72°C for 45 s); 65°C for 45 min; and the samples were held at 4°C until removal. Electrophoresis was conducted using low-volume sequencing kits (DYCZ-24B). A total of 10.0 mL (100 ng/mL) PCR product was mixed with 2 mL 6X bromophenol blue buffer solution and spotted on a 1.5% agarose gel. Following electrophoresis (5 V/cm for 0.5 to 1 h), the gel was stained with 0.05% ethidium bromide. The DNA bands were viewed and photographed under ultraviolet light. The PCR products were then separated using 16% polyacrylamide gel electrophoresis at 4 V/cm for 14 h, and the DNA bands were silver stained again.
Typing
The products amplified at the 6 Y-STR loci were developed based on sequenced allelic ladder using Geneamp 9700 thermal cycler. Allelic ladders were constructed by combining all observed alleles from each locus.
Quality control
Quality assurance standards of all procedures are stipulated by the Scientific Working Group on DNA Analysis Methods (SWGDAM). Ten percent of the samples were randomly selected and genotyped twice using internal standards to further ensure analysis repeat and accuracy.
Analysis of data
Allele frequency and gene diversity (GD) were calculated using the Powerstat's method (Tereba et al., 1999 ; http://www.promega.com). Observed gene and haplotype diversities were calculated using the formula of Hou et al. (2001) . The discrimination capacity was determined as the proportion of different haplotypes in the sample. Analysis of molecular variance (AMOVA) and population differentiation were performed using the ARLEQUIN software, version 2.000 (Schneider et al., 2000) . A neighbor-joining tree was constructed from the distance matrix using the PHYLIP software to illustrate population relationships (Felsenstein, 1989) .
RESULTS
Y-STR haplotype polymorphism
The designed PCR primers amplified Y-STR fragments ranging from 57 to 290 bp. All markers were also tested on female control samples, and all 6 gene loci displayed Y-chromosome specificity and polymorphism. The numbers of the 6 Y-STR alleles were 4, 5, 2, 2, 5, and 4 alleles at UMN0929, UMN0108, UMN0920, INRA124, UMN2404, and UMN0103 of 9 native cattle breeds, respectively (Table 2) . Each breed has specific gene diversities in the 6 Y-STR loci, and their average genetic diversity value is 0.58 in 9 cattle breeds with the highest for Luxi cattle (0.65) and the lowest for Yanbian cattle (0.44). UMN0108 and UMN2404 were the most informative loci that had 0.73 gene diversity, while INRA124 was the least informative locus with 0.36 gene diversity. INRA124, UMN2404, and UMN0103 were identified as the diagnostic genes that distinguished B. taurus and B. indicus. The INRA124 gene has a 130 bp allele for B. indicus and a 132-bp allele for B. taurus. UMN2404 has 5 alleles, 2 of which were specific for B. taurus (104, 91 bp) and 3 were specific for B. indicus (120, 110, and 85 bp) . UMN0103 has 4 alleles specific for B. taurus (155, 140 bp) and B. indicus (136, 125 bp) (Kirikci et al., 2003; Karacaoren et al., 2008) . Table 3 . Y-short tandem repeat (Y-STR) haplotype polymorphism and diversity in 9 Chinese cattle populations.
T-STR genetic diversity across Chinese cattle breeds
Analysis of molecular variance (Table 4) revealed that 98.76% genetic variance was from intra-population differences and 1.24% variation was from inter-population differences (fixation index F ST = 0.0124, P < 0.01) in the 2 native B. taurus populations, i.e., northern Menggu and Yanbian cattle breeds. Further, 96.49% genetic variance was from intra-population differences and 3.51% was from inter-population differences (fixation index F ST = 0.0351, P < 0.01) in the 7 mixed B. taurus and B. indicus populations such as Qinchuan, Luxi, Jinnan, Nanyang, Dabiashan, Zhaosheng, and Jiaxian cattle breeds. All these breeds contain B. taurus and B. indicus cattle blood, but various breeds have different amounts of taurine or indicine. 
DISCUSSION Y-STR haplotype polymorphism in the 9 Chinese native cattle breeds
Y-STR was found on the male-specific Y-chromosome, and its coding genes were vital to male sex determination, spermatogenesis, and other male-related functions. The nonrecombinant Y-chromosome segment dictates the paternally inherited haploid transmission pattern. Y-STRs are polymorphisms among unrelated males and are inherited from the paternal line with little changes through generations. Y-STRs can be used to construct highly discriminative Y-haplotypes (Liu et al., 2002) . Thus, the Y-chromosome-specific markers may be used in studies of animal or human origins and animal population genetics and variance. Our results showed that the 9 Chinese main cattle breeds showed Y-STR polymorphism in 6 loci, i.e., UMN0929, UMN0108, UMN0920, INRA124, UMN2404, and UMN0103. A total of 302 different haplotypes were identified from 1016 males of the 9 Chinese native cattle breeds, of which 186 were unique. Thus, these polymorphic loci have specificity for each cattle population. Interestingly, the polymorphism of these loci, especially, INRA124, UMN2404, and UMN0103, suggests that the original history of Chinese cattle needs to be investigated to determine which cattle belong to B. taurus or B. indicus.
Genetic relationship among Chinese cattle populations
The data from the investigation of Y-STRs (INRA124, UMN2404, and UMN0103), in conjunction with the data published from the study of Y-chromosome morphologies of 262 males from 13 breeds (Liu et al., 2003) , allowed the characterization of the distribution and genetic introgression of male indicine and taurine of Y-chromosome in Chinese native cattle. A phylogenetic tree was constructed based on Nei's distance from 13 cattle populations (Figure 1 ). This figure suggests that Dabieshan (DBS) vs Jiaxian (JX) cattle, and Qinchuan (QC) vs Jinnan (JN) cattle were first clustered together, which suggested that they had a very close genetic relationship. Meanwhile, Luxi (LX) and Nanyang (NY) cattle breeds were also included in this group with a short branch length. Finally, Zaosheng converged into a big family that consisted of major Chinese native yellow cattle populations from most regions of China. The other 2 main cattle populations such as Yanbian and Menggu cattle live in the north of China and belong to real native cattle breeds (B. taurus) that were not affected by the southern B. indicus cattle. Further, when the other 4 foreign cattle breeds were included in our phylogenetic tree, they obviously clustered into another group. This figure clearly showed a close genetic relationship of Chinese cattle populations. This result is consistent with the clustering nature of their mtDNA, blood protein polymorphism, geographic distribution, and breed evolution history.
Y-STR haplotype geographical distribution in Chinese cattle populations
The AMOVA results yielded interesting information on the internal history of the native cattle breeds. The genetic traces of the forced internal zebu migration displayed a movement from South towards North and East towards West of China. Our evidence of the population substructure in the paternal lineages of Chinese native cattle has implications for association studies, especially for the Y-chromosomal loci.
According to Y-STR haplotype gene frequencies and other studies on cell and molecular levels (Li et al., 2013a) The geographical distribution of these Y-STR gene frequencies revealed a declining gradient of male indicine introgression from south towards north and east towards west in China. The highest frequency of taurine alleles (93.0%) was found in the breeds from the northern group, while the highest percentage of indicine alleles (93.0%) was observed in the southern cattle populations. The reason for the migration patterns might be due to historical events, geographical isolation, and climate difference. The frequencies of haplotypes of B. taurus of TB, AX, MG, YB, and ZS cattle are 100, 100, 100, 100, and 93.1%, respectively. and Nanyang (NY) cattle were included in this group with a short branch length. Finally, along with Zaosheng (ZS) cattle, a big family of Chinese major native yellow cattle population from most regions of China was formed. The other 2 main cattle populations such as Yanbian (YB) and Menggu (MG) cattle live in the north of China and belong to real native cattle breeds (Bos taurus), which are affected by the southern Bos indicus zebu cattle, and were finally clustered into the Chinese cattle population. Further, when the other 4 foreign cattle breeds Angus (AG), Simmental (SM), Limousin (LM), and Charolais (CH) were included in our phylogenetic tree, they were obviously clustered into another group.
They mainly belong to B. taurus, which might be descendants of original Asian cattle. The frequencies of haplotypes of B. indicus of WN, JA, MN, LZ, HN, Sanjiang (SJ), EB, WL, and YN were the highest (100%), and they mainly belonged to the zebu cattle system that might originate from or be affected by southern China or other countries, such as India or Malaysia. In the central and near northern areas, the mixing taurine and indicine Y-chromosome alleles appeared, and they showed a declining gradient of zebu introgression from East towards West with the indicine type in 75% of JX, 67% of LX, 66% of NY, 32% of JN, 29% of QC, and 6.9% of ZS cattle. The genetic influence of B. indicus in ZS, JN, and QC cattle was relatively less than that of JX, NY, and LX cattle. Jinnan region of Shanxi Province and the northwestern region of Shandong Province were also thought to belong to geographically converging areas of B. taurus and B. indicus. These data provided useful information for bull identification and paternity tests in Chinese native cattle. In summary, the Chinese native cattle breed is an excellent example to incorporate the Y-chromosomal data into existing knowledge of mitochondrial DNA variation and to reveal the entirely novel features of its population history. Our results suggest that Y-STRs in 6 loci show polymorphisms in Chinese cattle populations, with interesting genetic diversity. The Y-STR locus polymorphism, especially, INRA124, UMN2404, and UMN0103 loci, reveal Chinese cattle original history to determine which cattle belong to B. taurus or B. indicus. Most notably, a declining zebu introgression was exhibited from South to North and from East to West in Chinese geographical distribution, which implied that cattle population from various regions of China had been subjected to somewhat different evolution history.
